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Overview of Cost-Benefit Analysis 

 

1. Scope 
The scope of our work is defined as a cost-benefit analysis (CBA) of the Self-Generation 
Incentive Program (SGIP) based on program activity through the year 2006. Our analysis 
is not bounded by the Standard Practice Manual (SPM) developed by the California 
Energy Commission (CEC) and the CPUC, which was designed to provide guidance in 
the evaluation of the cost-effectiveness of demand-side management programs using tests 
from varying perspectives (e.g, participant, non-participant, and total resource cost test). 
Our CBA, however, is consistent with the core elements of the SPM framework and its 
respective tests and is easily adaptable to perform analyses in line with the SPM.  
 
Traditionally, CBAs are conducted prior to initiating public programs to determine the 
economic value of the program and its alternatives. In principle, a CBA will determine if 
a program qualifies on cost-benefit grounds based on the present value of benefits 
compared to the present value of costs. In other words, the CBA serves as an appraisal 
technique for public investments and public policy. In the case of SGIP, however, the 
program is actively paying incentives for self-generation installations and has been doing 
so since it started in March of 2001. As such, our CBA is slightly different than the 
traditional analysis in that we are determining the costs and benefits of the program based 
on installed generators that received SGIP incentive funding between 2001 and 2006. Our 
goal then is to quantify the benefits and costs of the program through 2006, rather than 
determine whether a program qualifies on a cost-benefit grounds (i.e., benefits > costs). 
That said, our analysis will provide the foundation to perform a forward-looking CBA 
that will help shape SGIP in the future to ensure that the program provides net benefits.  
 
1.1 The Elements of CBA 

With our scope defined, we turn to the design of our CBA, characterized by various 
elements. The characteristics of the CBA are defined by a series of logical steps. We’ve 
already considered the first step in our scope: Identifying the policy or project to be 
evaluated. Secondly, we determine standing i.e., whose costs and benefits are counted. 
This is the same question of perspective that is discussed elsewhere.1,2 In the case of 
SGIP, there are a number of groups with standing: the participant who installs a 
generator, the non-participant (i.e., the ratepayer without SG), and society. Because we 

                                                
1 California Standard Practice Manual: Economic Analysis of Demand-Side Management Programs and 

Projects, CPUC, October 2001. 
2 Framework for Assessing the Cost-Effectiveness of the Self-Generation Incentive Program, Itron Inc., 

CPUC, March 2005. 
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are evaluating SGIP as a public investment, we define standing in a general way that 
includes costs and benefits to society.  
 
Having identified the program and determined standing, we turn to the benefits and costs. 
There are two steps related to the benefits and costs. Firstly, we need to identify the 
benefits and costs to be considered. We need to ensure that the major elements in both 
categories are included and that double counting is avoided. Itron’s previous report to the 
CPUC3 includes a comprehensive list and description of the costs and benefits of SGIP 
(and more generally, distributed generation, DG). The costs and benefits of SGIP are 
listed in Table 1.  
 
Secondly, we need to determine and outline our approach to value the benefits and costs. 
Many of the costs and benefits in the program are straightforward. For instance, the 
administration costs and installed equipment costs are reported, documented, and readily 
available. On the other hand, some benefit elements of the incentive program are much 
more difficult to value (i.e., monetize). For instance, the environmental benefits of SG 
installations are a function of technical performance, the determination of a baseline 
generation technology for comparative purposes, and the monetized value of an 
environmental pollutant. None of the listed variables is trivial to determine. Our 
methodology for determining the benefits and costs of the program is discussed in greater 
detail in Sections 3.4 and 3.5. 
 
Table 1. Cost and Benefit elements of SGIP 

Benefits Costs 

Environmental Benefits Installed Equipment Costs  

Macroeconomic Benefits Operations and Maintenance Costs 

Grid Benefits Program Administration Costs 

 System Removal 

 
We also need to consider the time horizon of valuing the benefits and costs, as 
individuals have preferences for when benefits are received and costs are imposed. The 
time horizon is addressed by discounting. We discuss discount rates in more detail in 
Section 3.2.  
 
It is important to note that benefits and costs are difficult to determine with a high degree 
of certainty. However, because we are evaluating an existing program with a significant 
amount of data available, we do have a unique opportunity to conduct a CBA capable of 
narrowing uncertainties and risk (i.e., probabilistic outcomes) in the evaluation of SGIP 
moving forward or similar incentive programs.  
 

2. Overview of SGIP 
For the sake of brevity, we have included a brief overview of the SGIP, taken almost 
entirely from the Executive Summary of the CPUC SGIP Sixth Year Impact Evaluation 

                                                
3 CPUC SGIP Preliminary Cost-Effectiveness Evaluation Report, CPUC and Itron, Inc., September 2005. 
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prepared by Itron, Inc.. We refer the reader to this report for a more detailed description 
of SGIP. 
 
SGIP was established in response to Assembly Bill 970 (AB970) and the CPUC issued 
Decision 01-03-073 on March 27, 2001 outlining the provisions of a distributed 
generation program. SGIP is currently the largest DG incentive program in the nation. 
Under the provisions outlined by CPUC, a variety of DG technologies received rebates 
based on installed capacity and incentive level. The incentive level is determined by 
technology and fuel type of the installed generator. The eligible generation technologies 
through 2006 and considered in this report include: photovoltaics (PV), microturbines 
(MTs), gas turbines (GTs), wind turbines, (WD), fuel cells (FCs), and internal 
combustion engines (ICEs). The incentives for DG technologies that rely on fuel (i.e., all 
except PV and WD) were further distinguished by the use of renewable and non-
renewable fuel.  
 
SGIP incentives are available to customers in the service territories of all three major 
investor-owned utilities (IOUs) in California as well as many local municipal electric 
utilities. There are Program Administrators (PAs) at Pacific Gas and Electric (PG&E), 
Southern California Edison (SCE), Southern California Gas (SoCalGas), and California 
Center for Sustainable Energy (CCSE). The PA at CCSE oversees SGIP installations in 
the San Diego Gas and Electric (SDGE) service area.  
 
The number of projects and capacity by PA is shown in Table 2. In Table 3, the SGIP 
capacity and level of incentives received are shown by technology and fuel type as of 
December 21, 2006. 
 
Table 2. Number of SGIP installations and corresponding installed capacity as of 12/31/06, separated by 

Program Administrator (PA).  

PA # of Projects Installed Capacity (MW) 

PG&E 439 105.1 
SCE 244 46.2 
SoCalGas 146 55.5 
CCSE 119 26.8 

Total 948 233.6 
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Table 3. Number of installations, installed capacity, and SGIP incentive payments separated by technology 

as of 12/31/2006. 

Technology Fuel installations 

Installed 

Capacity 

(MW) 

Incentive 

Payments 

($, millions) 

photovoltaic n/a 609 81.1 296.9 

non-
renewable 

13.8 
microturbine 

renewable 

98 

3.0 

gas turbine non-
renewable 

3 
11.6 

non-
renewable 

109.6 
ICE 

renewable 

185 

6.3 

non-renewable 
77.9 

renewable 
9.0 

non-
renewable 

5.8 13.2 
fuel cell 

renewable 

8 

0.8 3.4 

wind turbine n/a 2 1.6 2.6 

Total 905 233.6 403 
 

3. Methodology and Analysis 
 

3.1 Data and Data Sources 

As mentioned previously, we are in a unique position to conduct a CBA using data 
collected since the program’s inception in 2001. There are two primary sources of data 
used here: the PAs and Itron. 
 
3.1.a Program Administrators and IOUs: Facility Data and Interconnection Data 

The PAs for SGP provided basic data on the SGIP facilities, including installed costs, 
technology type, type of fuel used (as appropriate), installed capacity, and address of 
facility. In addition to the total installed cost, the PAs provided a sample of Project Cost 
Breakdown Worksheets. These worksheets were submitted as hard copies with the 
project application to help the PA distinguish between eligible and ineligible program 
costs [see SGIP Handbook4 for more information]. Jack Faucett Associates (JFA) used 
the breakdown of costs to allocate the costs in the California Input/Output (I/O) economic 
model. For a more detailed description of the I/O model and JFA’s approach, see Section 
3.5.b. 
 
In addition to the basic facility data, the IOUs and PAs provided a subset of 
interconnection data, including the name of the nearest substation, voltage of the utility 
interconnection line, maximum permissible line loading (in kVA), annual maximum 
recorded line loads (2001-2006), the transformer bank feeding the interconnection line, 
maximum possible bank loading (in kVA), and annual maximum recorded bank loads 

                                                
4 Self-Generation Incentive Program Handbook, available from each IOU e.g., 

http://www.pge.com/includes/docs/pdfs/b2b/newgenerator/incentive/2008_sgip_handbook-r1-080516.pdf 
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(2001-2006). At the time of the preparation of this supporting material, we have received 
the requested information from both SDG&E and SCE, but not PG&E. These data are to 
be used by Rumla Inc. as part of their analysis of the transmission and distribution 
benefits of SGIP using the GE MAPS model. For a more detailed explanation of their 
approach and the GE MAPS model, please see Section 3.5.c. 
 
3.1.b Itron: Metered Data and Reports 

Itron Inc. has performed the metering and evaluation of SGIP since 2002. Itron provided 
TIAX with 15-minute averaged metering data for the facilities it has monitored since 
2002. These data include the following: electrical net generator output (ENGO), the fuel 
used by the facility (FUEL), and, the waste heat captured by cogeneration systems 
(HEAT).  
 
In addition to the metered data, the reports that Itron has prepared provide a wealth of 
aggregated information on SGIP.5 
 
3.1.c Other Reports 

Distributed energy resources (DER) have been studied thoroughly by a variety of state 
and government agencies, consultancies, and academic groups. Unless specifically 
referenced in this document, the studies that were used to inform our CBA and shape our 
approach will be listed in a bibliography.  
 
With the State increasingly accounting for sustainability concerns in legislation,6 we have 
opted to adopt an approach using a DDR in lieu of a SDR. We will draw from the 
academic literature, review case studies, and ensure that our approach avoids potential 
pitfalls and inconsistencies characteristic of applying DDRs.  
 
3.2 Costs 

In general, the costs associated with SGIP are straightforward. We have distinguished 
between them here as Private and Public costs. Both SGIP participants and the IOUs 
make up the Private group, whereas Public costs are those that are incurred by the 
government.  
 
3.3 Benefits 

We have grouped the benefits of SGIP that will be quantified in our CBA into three broad 
categories: environmental, macroeconomic, and grid benefits.  
 
Environmental benefits are broadly characterized by the quantity of displaced emissions 
as compared to emissions from centralized power generation. Although in some cases, it 

                                                
5 For instance, CPUC SGIP Sixth Year Impact Evaluation, prepared by Itron Inc. and submitted to PG&E, 

SGIP Working Group, August 2007 

6 Legislative language in both Assembly Bill 118, which established the Alternative Fuels and Advanced 

Vehicle Technology Fund, and the Low Carbon Fuel Standard (LCFS) make multiple references to 

sustainability.  
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is possible that there is a net environmental disbenefit i.e., emissions from the SG facility 
are greater than the emissions that would result from producing the same amount of 
power via central generation.  
 
The macroeconomic benefits are based on the California I/O model and are a function of 
the money invested in the SG facilities in sectors such as construction (i.e., labor). The 
benefits may include the impacts on employment, output, income, state tax receipts and 
other selected variables.  Impact analyses are always framed within the context of “with” 
and “without” (benchmark) perspectives. The impact of an exogenous event like the 
SGIP is defined and measured in terms of the differences between the state of the 
economy associated with the change and its state without. 
 
The grid benefits are dominated by the market commodity worth (~90%), with the 
exception of heat and power considerations and on-site reliability applications. 
Furthermore, the T&D benefits are likely minute except in the cases where the SG 
installations are targeted by location.  
 
3.4 Discounting 

Discount rates are a standard economic practice to account for the higher economic value 
of benefits accrued today rather than tomorrow. For private investments (e.g., installation 
costs), we will employ a 7% discount rate recommended by the Office of Management 
and Budget (OMB). SGIP is a public program with public benefits e.g., reduced GHG 
emissions and public costs e.g., incentives paid. The social discount rate (SDR) applied to 
these benefits and costs over the time horizon is not as straightforward. There are several 
candidates, with the social rate of return on investment and the rate at which society 
values consumption at different points of time, the Social Rate of Time Preference 
(SRTP), as the most common. Some researchers have noted that discounting “militates 
against solutions to long-run environmental problems: for example, climate change, 
biodiversity loss and nuclear waste, which need to be evaluated over a time horizon of 
several hundred years.”7 Furthermore discounting benefits in the future is in contrast to 
sustainability, which is characterized by principles of intergenerational equity and implies 
that policies should contribute to sustained increases in welfare for future generations. In 
response to the problem of SDRs, some have advocated the utility of a declining discount 
rate (DDR) which declines with time, according to some defined function. As a result, the 
value of benefits to future generations is increased compared to standard methods of 
SDR.  
 
3.5 Environmental Benefits 

We employ a commonly accepted methodology for estimating the value of emissions 
reductions, and refer the reader to Section 7 of the US Environmental Protection 
Agency’s (EPA) Office of Air Quality Planning & Standards Economic Analysis 

                                                
7 Groom, B; Hepburn, C; Koundouri, P; and Pearce, D. Declining Discount Rates: The Long and Short of 

it, Environmental & Resource Economics (2005) 32: 445-493. 
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Resource Document8 for more detail. Furthermore, we employ a benefits transfer (BT) 
approach given that we don’t have the luxury of time to conduct a sufficiently detailed 
analysis to value the environmental benefits of reducing harmful emissions. That said, a 
BT approach is neither passive nor straightforward; it requires informed judgment and 
expertise. As there is no accepted protocol for a BT approach, the following sections 
describe our logic in selecting the most appropriate studies and research to draw from in 
our analysis. 
 
3.5.a Benefits as Reductions in Damages 

We define benefits as reductions in damages to environmental service flows attributable 
to the generation of electricity. Damages can be avoided by providing electricity via 
renewable and low(er)-emission technologies. The damages considered here include: 
direct damages to humans, indirect damages to humans through ecosystem degradation, 
and indirect damages to humans through non-living systems.  
 
Direct damages to humans include both health damages and aesthetic damages. Health 
damages results from human exposure to pollutants and include: increases in mortality 
and morbidity risk. Adverse health effects can be separated into acute effects (e.g., 
headaches) and chronic effects (e.g., asthma). Aesthetic damages result from the 
contamination of the physical environment and include increased problems of odor, 
noise, and poor visibility.  
 
Indirect damages to humans through ecosystems include productivity damages, 
recreational damages, and intrinsic nonuse damages. Productivity damages result from 
pollution damages to physical environments that support commercial activity, such as 
farmlands, forests, and commercial fisheries. Recreation damages results from the 
reduced quality of resources such as oceans, lakes, and rivers. Intrinsic or non-use 
damages include losses in the value people associate with preserving, protecting, and 
improving the quality of ecological resources that is not motivated by their own use of 
those resources.  
 
Indirect human damages through non-living systems include damages to materials and 
structures (e.g., buildings and equipment) that are caused by pollution and can reduce the 
productivity of these assets.  
 
3.5.b Emission Factors 

In our approach, we will determine the lifecycle GHG emissions resulting from 
distributed and centralized generation. In the case of GHGs, we account for them on a 
lifecycle basis because climate change is a global phenomenon and the estimated 
damages resulting from climate change will occur irrespective of the source of emissions. 
In other words, carbon emitted in California contributes to climate change the same as 

                                                
8 OAQPS Economic Analysis Resource Document, April 1999, 

http://www.epa.gov/ttnecas1/econdata/6807-305.pdf 
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carbon emitted anywhere else. One could argue that the damages of climate change are 
not the same across states, nations, or continents; however, we are unaware of any 
research that estimates the damage costs of GHGs on a local, regional, or national scale. 
We will rely on existing research and analyses on the costs of damages resulting from 
climate change (i.e., the social cost of carbon).  
 
In contrast to GHGs, we will determine the emissions of criteria pollutants on a statewide 
basis because the damages resulting from criteria pollutants are skewed towards local 
effects. The damages resulting from criteria pollutants are a function of exposure (i.e., 
proximity to the source), population, population density, and dispersion modeling. 
Although power generation in California may result in air quality disbenefits outside of 
the state as a result of upstream processing, transportation, or distribution of energy 
sources, it would add considerable uncertainty to our analysis to monetize these 
emissions. 
 
In a previous report for the Energy Commission,9 TIAX quantified the emissions 
associated with electrical generation sources as part of an evaluation of the lifecycle (i.e., 
full fuel cycle) emissions of transportation fuels (note: electricity is considered an 
alternative transportation fuel). To determine the emissions associated with generation 
sources, we compiled emission factors and efficiency factors for various combinations of 
equipment and fuels of interest. Furthermore, TIAX distinguished between in-state 
emissions and total emissions.  
 
3.5.c Baseline Power Generation: Average verses Marginal 

The selection of a baseline for the emissions of centralized power generation is a 
marginal verses average argument. If we opt to use a baseline for the average emissions 
of California’s power generation, then we are assuming that SG installations are 
replacing existing loads. On the other hand, if we use a baseline for emissions based on 
marginal California power generation, we are assuming that the SG facility is providing 
power generation to a new load.  
 
The average mix of California electricity is generated by the sources listed in Table 4, 
whereas marginal California power generation is defined as natural gas fired combined 
cycle combustion turbine (NG CCCT).10 The lifecycle emission factors for criteria 
pollutants and GHGs for both average and marginal power generation are shown in  
Table 5, including the percent difference between them. 
 

                                                
9 Full Fuel Cycle Assessment, Well to Tank Energy Inputs, Emissions, and Water Impacts, Consultant 

Report, TIAX LLC, CEC-600-2007-003, June 2007. 
10 The marginal baseline is based on a series of assumptions, namely: the amount of nuclear powered, 
hydroelectric and coal powered electricity generation within and imported into California remains constant; 

California’s aging fleet of steam generators will be repowered with NG-fired CCCTs; future long-term 

contracts for imported power will have emissions consistent with NG-fired CCCTs; and generation 

capacity will expand slightly ahead of demand in an orderly fashion (i.e., no supply disruptions from 

nuclear, hydroelectric, or coal resources).  
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Table 4. California’s electricity mix as of 2006, as reported in the Gross Systems Power Report 2006 by 

the California Energy Commission. 

energy source % of generation 

natural gas 41.5 
large hydro 19.0 
coal 15.7 
nuclear 12.9 
geothermal 4.7 
biomass 2.1 
small hydro 2.1 
wind 1.8 
solar 0.2 

 
Table 5. Lifecycle Emission Factors for centralized power generation, distinguished by the type of 

electrical generation (average verses marginal). We also include the emission factors on a lifecycle basis 

(total) and emissions taking place in California (California). 

emission factors (g/kWh) 

average marginal 
%�  

pollutant total California total California total California 

VOC 5.2E-02 4.1E-03 5.0E-02 1.0E-03 2% 74% 

NOx 5.6E-01 1.1E-01 4.5E-02 4.5E-03 92% 96% 

CO 3.3E-01 4.1E-02 1.3E-01 6.3E-02 62% -54% 

SOx 5.7E-02 3.6E-05 7.8E-02 0.0E+00 -37% 0% 

PM2.5 9.3E-02 5.0E-03 1.0E-02 6.2E-03 89% -25% 

GHGs 530 505 5% 

 
We assume that self-generation is displacing marginal centralized power generation, 
defined here as a power plant natural gas fired combined cycle combustion turbine (NG 
CCCT).  
 
3.5.d Benefits of Criteria Pollutant and PM2.5 Emission Reductions 

It is beyond the scope of our work to perform a detailed analysis to determine the value 
of criteria pollutants, expressed as monetary damages per unit weight (e.g., ton) of 
pollutant. By comparing the emissions of SGIP facilities (where appropriate) to the 
emissions generated from centralized power generation in California, we can determine 
the displaced (or increased) emissions. We will use existing estimates for the monetized 
damages per ton of criteria pollutant. To obtain these estimates, we have reviewed 
previous studies and assessments that estimate damages.  
 
3.5.e Social Cost of Carbon 

The marginal damage cost of carbon dioxide (CO2), or the social cost of carbon (SCC) is 
an essential determinant when shaping climate policy. Because of the potential 
environmental benefits of distributed generation, and SGIP’s focus on renewable 
generation, it is important that we use a reliable SCC based on the most recent estimates 
found in the academic literature. The Inter-Governmental Panel on Climate Change 
(IPCC) estimates $43 per metric ton of carbon, which is equivalent to about $12 per 
metric ton of CO2 (in 2006 dollars). The IPCC estimate is based on a 2005 study by 
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Tol11, in which 28 published studies with 103 estimates of SCC. He concluded that when 
only peer-reviewed studies are considered that “… climate change impacts may be very 
uncertain but it is unlikely that the marginal damage costs of carbon dioxide emissions 
exceed $50 per ton carbon.” Tol has since updated his 2005 study with a meta-analysis of 
211 estimates of the SCC.12  
 
The IPCC Working Group II Fourth Assessment Report indicates that the SCC of carbon 
is increasing at an annual growth rate of 2.4%; however, Tol’s meta-analysis (2007) finds 
no evidence to support this claim. In the most recent National Highway Traffic and 
Safety Administration (NHTSA) Draft Environmental Impact Statement (DEIS)13, the 
agency opted to use the adder; however, in light of Tol’s more recent findings, we will 
not.  
 
Tol’s updated analysis does not significantly change the “best estimates” of SCC, and 
therefore, we will use $12 per metric ton of CO2.  
 
Table 6. Damage costs for criteria pollutants and carbon dioxide (as a proxy for GHGs) for various 

categories. Note the year of the dollars. With the exception of CO2, values are reported as dollars per 

(short) ton. CO2 is reported as dollar per metric ton.  

health damages indirect
1
 

pollutant 
AB20761 

(2001$) 

ARB2 

(2005$) 

NHTSA3 

(2006$) 

visibility
1
 

(2001$) 
agriculture 

(2001$) 

materials 

(2001$) 

forests 

(2001$) 

VOC 5,000 1,700 47 
NOx 3,200 

4,400 
3,900 1,000 

300 400 110 

NOx (as PM) 84,700 18,855 -- -- -- -- -- 
PM2.5 352,000 618,395 164,000 -- -- -- -- 
SOx -- -- 16,000 3,900 -- -- -- 
CO2 16.5 -- 7.0 -- -- -- -- 
1
AB2076: California Strategy to Reduce Petroleum Dependence, Appendix A: Benefits of Reducing Demand for Gasoline and Diesel, 

Consultant Report , P600-03-005A1, September 2003 
2
ARB: Emission Reduction Plan for Ports and Goods Movement, Appendix A: Quantification of the Health Impacts and Economic Valuation 

of Air Pollution from Ports and Goods Movement in California, March 2006 
3
NHTSA: Draft Environmental Impact Statement: Corporate Average Fuel Economy Standards, Passenger Cars and Light Trucks, Model 

Years 2011-2015, Appendix C, NHTSA, June 2008 

 
3.6 Macroeconomic Benefits 

The macroeconomic benefits of our CBA require an explicit or implicit model that 
explains how the economy is affected by a variety of factors determined outside the 
control of private decision makers. Because there is a wide range of opinions on the 
likely direction of energy use, it may be wise to define alternative benchmark scenarios.  
Many issues must be considered in the benchmark world:  What responses are expected 
to increasing scarcity of fossil fuels?  Will higher prices stimulate energy conservation?  

                                                
11 Tol, RSJ. The marginal damage costs of carbon dioxide emissions: an assessment of the uncertainties. 

Energy Policy, 33 (2005), 2064-2074. 

12 Tol, RSJ. The Social Cost of Carbon: Trends, Outliers, and Catastrophes. Economics E-Journal, 

Discussion Paper 2007-44, 2007. 

13 Draft Environmental Impact Statement: Corporate Average Fuel Economy Standards, Passenger Cars and Light Trucks, Model 

Years 2011-2015, Appendix C, NHTSA, June 2008 
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Will current movements toward alternative fuels like ethanol fuel, hydrogen and fuel 
cells accelerate? Will high costs of energy spur increased exploration for fossil fuels and 
new methods of extraction?  Will high energy costs sustain a shift toward renewables and 
nuclear?  These possibilities must be spelled out in the benchmark scenario because the 
impact of SGIP is not the only way today’s world and California will be different from an 
alternative fuel driven economy in the future.  The benchmark scenario changes will 
proceed in a dynamic fashion, the pace of which will be crucial in defining the impact 
and viability of the California economy under any future scenario. 
 

Several types of impact models have been developed in economics.  One of the most 
widely used economic tools in modeling “with” and “without” scenarios is the set of 
models referred to as input-output (I-O) models, which were developed explicitly for 
impact analysis.  I-O models describe the world in a general equilibrium framework, in 
which all segments of society are interrelated and affect one another, even though some 
connections might be relatively minor.   
 
An alternative to an I-O model is a computable general equilibrium (CGE) model, which 
uses production functions that allow substitution among inputs as their prices change.  
Ideally CGE models are superior to I-O models because they allow for price response in 
production, but in practice they have demanding data requirements, and even then 
achieve far less industrial disaggregation than I-O models confer, up to some 500 sectors.  
A 50-industry CGE model would be very large but its ability to distinguish the 
production details of gasoline refining from those of ethanol, hydrogen or other 
alternative fuels production would be limited, and the distinctions obtainable could be 
largely guesswork.  Regional disaggregations would be even more problematic because 
of the proliferation of production parameters that would need estimating.   
 
Due to time constraints and concerns regarding the magnitude of macroeconomic impacts 
(which in the event that they are small, will be indiscernible with a CGE model), we opt 
to use an I-O model.  
 
3.6.a Description of Input-Output Models 

One way to develop estimates of some of the benefits of the SGIP is to investigate the 
economic impacts of the program’s expenditures. This is useful because once a 
program’s benefits and costs are known, cost-benefit analysis can be used to 
meaningfully evaluate and compare different programs.  
 
Inter-industry economic I-O models use a matrix representation of a nation's or region's 
economy to predict the effect of changes in one industry’s production to consumers, other 
industries, government, and foreign suppliers. This study utilizes the IMPLAN (IMpact 
Analysis for PLANning) I-O modeling system to develop estimates of economic impacts 
for activities associated with various SGIP options. IMPLAN was originally developed 
by the U.S. Department of Agriculture’s Forest Service for the purposes of land and 
resource management planning. In 1993, the Minnesota IMPLAN Group, Inc. (MIG) was 
formed to privatize the development of IMPLAN and to spread its use among non-Forest 
Service users.  
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A major benefit of using IMPLAN is that specific expenditures can be allocated to a wide 
range of economic industries, 509 in total, in order to develop detailed estimates of 
economic impact, job creation, and tax revenues. Another important attribute of IMPLAN 
is its ability to develop models and results at the national, state, and county levels. These 
geographic units can be combined to construct any regional grouping the user desires. 
The ease with which alternative regional aggregations can be constructed, while 
preserving critical intra and interregional trade flow information, is a principal advantage 
of IMPLAN. 
 
Using classic I-O analysis in combination with regional specific Social Accounting 
Matrices and Multiplier Models, IMPLAN provides a highly accurate and adaptable 
model for its users. A description of IMPLAN’s social accounting and multiplier features 
is provided below: 
 

3.6.b Social Accounting 
IMPLAN's Social Accounting System describes transactions that occur between 
producers, and intermediate and final consumers using a Social Accounting Matrix. One 
of the important aspects of Social Accounts is that they also examine non-market 
transactions, such as transfer payments between institutions. Other examples of these 
types of transactions would include: government to household transfers as unemployment 
benefits, or household to government transfers in the form of taxes. Because Social 
Accounting Systems examine all the aspects of a local economy, they provide a more 
complete and accurate “snapshot” of the economy and its spending patterns. 
 

3.6.c Multipliers  
Multipliers are a numeric way of describing the impact of a change. An employment 
multiplier of 1.8 would suggest that for every 10 employees hired in the given industry, 
18 total jobs (in all sectors) would be added to the given economic region. 
The Multiplier Model is derived mathematically using the I-O model and Social 
Accounting formats. The Social Accounting System provides the framework for the 
predictive Multiplier Model used in economic impact studies. Purchases for final use 
drive the model. Industries that produce goods and services for consumer consumption 
must purchase products, raw materials, and services from other companies to create their 
product. These vendors must also procure goods and services. There are three types of 
effects measured with a multiplier: 1) the direct, 2) the indirect, and 3) the induced 
effects. The direct effect is the known or predicted change in the local economy that is to 
be studied. For example, if a manufacturing company hires 40 employees, the 
manufacturing industry gains 40 employees. The indirect effect is the business to 
business transactions required to satisfy the direct effect. For example, because a 
manufacturing company is closing, they will no longer have a demand for locally 
produced materials needed to produce their product. This will affect all of their suppliers. 
Finally, the induced effect is derived from local spending on goods and services by 
people working to satisfy the direct and indirect effects. Furthermore, it measures the 
effects of the changes in household income. For example, employees hired by a company 
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may increase their expenditures in restaurants and shops since they are employed. These 
changes affect the related industries. 
 

The expenditure categories in the SGIP were provided by the California utilities. These 
estimates include disaggregated information on expenditures by technology and 
geographic region. The disaggregation of the expenditure categories is useful because 
technology and region specific expenditures and associated benefits can be evaluated and 
compared.    
 
In order to run the collected data for the various expenditure categories through the input-
output model, the expenditure categories have to be assigned to economic sector 
categories recognized by the IMPLAN model. Assigning expenditure categories to 
appropriate sectors in the IMPLAN model is a two-step process. The first step is to assign 
the expenditure categories to North American Industry Classification System (NAICS) 
codes, which are developed by the U.S. Census Bureau. The second step is to covert the 
NAICS codes into IMPLAN sector codes. For example, the eligible program costs for 
“Engineering and Design Costs” are classified as “Engineering Services”, NAICS code 
541330, and converted to “Architectural and Engineering Services”, IMPLAN sector 
code 439. Assigning cost categories to NAICS codes before assigning them to IMPLAN 
sector codes is helpful because the NAICS codes provide more description of the code 
categories than the IMPLAN sectors. Once the cost categories have been assigned to 
NAICS codes they can be easily converted to IMPLAN sector codes using a conversion 
guide developed by IMPLAN. A list of the NAICS and IMPLAN codes assigned to 
eligible and ineligible SGIP costs such as Self-Generation Equipment Costs, Waste Heat 
Recovery Costs, and Maintenance Contract Costs are provided in Tables 7 and 8, 
respectively.  
 
The sector assignments for equipment categories in Tables 7 and 8 represent the 
delivered cost of the equipment to the final user. Prior to running the IMPLAN model, 
the portion of those costs attributable to wholesale and transportation, referred to as 
‘margins’ by economist, will be subtracted and assigned to the appropriate whole and 
transportation sectors to account for those economic sectors properly. 


